
































This is the author's manuscript of the article published in final edited form as:
Manjunath, S., Mishra, B. P., Mishra, B., Sahoo, A. P., Tiwari, A. K., Rajak, K. K., … Janga, S. C. (2017). Comparative and temporal transcriptome analysis of peste 

























interferon	 stimulated	genes	 (ISGs)	 in	 infected	PBMCs	and	 interactome	analysis	 indicated	 induction	 of	 broad-spectrum	anti-viral	 state.	Several	 Transcription	 factors	 –	 IRF3,	FOXO3	and	SP1	 that	 govern
















































































Fig.	2	summarizes	 the	steps	used	 in	 the	analysis.	Quality	 filtered	reads	 from	control	and	 infected	samples	 (48	h	and	120	h)	were	mapped	 to	 the	Bos	taurus	 reference	genome.	Capra	 hircus	 genome	 is	 not	well	 annotated






























































production,	 TLR	 signaling	 pathway,	 IL-6	 production,	 regulation	 of	 T-cells,	 etc.	Whereas,	 at	 120	 h	 p.i.,	 immune	 system	process,	 regulation	 of	 cellular	 process,	 defense	 response	 etc.,	were	 found	 to	 be	 enriched.	 A	 total	 of	 297	 (p-







































used	as	 an	endogenous	 control	 in	 a	 variety	 of	 experiments	was	 found	 to	be	downregulated	at	 120	h	 p.i.	 This	 ratified	 our	 previous	 qRT-PCR	 results,	which	 showed	 variable	 expression	 of	 beta-actin	 in	 PBMCs	 infected	with	 PPRV
(Manjunath	et	al.,	2015).	This	suggested	downregulation	of	cytoskeletal	proteins	due	to	PPRV	infection	in	the	infected	PBMCs.
On	temporal	analysis,	TLR10,	an	important	innate	immune	sensor	of	viral	infection;	interferon	response	genes	like	IRF8,	IFN-induced	transmembrane	proteins	–	IFITM2	and	IFITM3,	and	OAS2,	which	restrict	viral	replication






































ISGs	are	 induced	by	viral	 infection	 to	establish	an	antiviral	 state,	both	directly	 (by	 IRF3	after	PAMP	detection	and	PRR	signaling)	and	 indirectly	 (by	 IFN-β	production	and	 IFNAR	signaling)	with	 the	 later
occurring	in	both	infected	and	uninfected	cells	(Lazear	et	al.,	2013).	The	absence	of	expression	of	type-I	interferons	in	our	study	suggested	that	the	stimulation	of	ISGs	could	be	IFN	independent	and	IRF	dependent,
which	needs	 further	 investigation.	These	 investigations	may	be	possible	with	 early	 and	 close	 sampling	 frames.	This	 though	 reported	 in	 other	paramyxovirus	 infections	 (Nanda	and	Baron,	2006),	 is	 an	 important
observation	not	reported	previously	for	PPRV	infection.	Previously,	non-structural	proteins	(C,	V	and	W	proteins)	of	paramyxoviruses	were	shown	to	 inhibit	the	 induction	of	type	I	 interferons	in	different	cell	 lines
(Boxer	et	al.,	2009;	Nanda	and	Baron,	2006).	IRFs	upregulated	in	the	present	study	(IRFs	–	3,	7,	8	and	9)	were	found	to	stimulate	ISG15	by	more	than	30	folds	at	both	time	points.	ISG15	is	an	early	induced,	important
innate	immune	protein	with	broad	anti-viral	activity	(Harty	et	al.,	2009).	This	ISG15	can	covalently	be	coupled	to	many	host	cellular	proteins	(a	process	known	as	ISGylation),	often	modulating	their	functions	(Durfee
et	al.,	2010).	Antiviral	activity	associated	with	protein	 ISGylation	 in	vitro	and	 in	vivo	has	been	reported	 for	both	DNA	and	RNA	viruses,	 including	 influenza	A	and	B,	Sindbis,	vesicular	stomatitis	virus,	 respiratory












an	 entry	 receptor	 in	 initial	 stages	 of	 PPRV	 infection.	 CD46	 that	 acts	 as	 a	 receptor	 for	 vaccine	 strain	 of	 measles	 virus	 is	 downregulated	 under	 infection	 from	 the	 cell	 surface	 (Tatsuo	 and	 Yanagi,	 2002).	 This	 was	 found	 to	 be
downregulated	at	120	h	p.i.,	in	our	study,	suggesting	CD46	as	a	possible	alternate	co-receptor	for	PPRV,	apart	from	SLAM,	which	needs	to	be	further	investigated.	Once	the	PPR	virus	enters	the	cells	through	its	specific	receptor(s)	it	is




interaction	of	 IRFs	with	Pin1,	which	otherwise	causes	ubiquitination	 leading	 to	complete	degradation	 (Hiscott,	2007).	 IRFs	 translocated	 into	 the	nucleus	 (IRF3	and	 IRF9	along	with	STAT1)	bind	 to	upstream	 interferon	stimulated
responsive	elements	(ISREs)	of	ISGs	and	bring	about	the	transcription	of	ISGs	(Schmid	et	al.,	2010).	Once	outside	the	nucleus	and	translated,	proteins	−–	ISGs,	and	IRFs	act	synergistically	(Zhang	et	al.,	2013).	ISG15	brings	about	the
ISGylation	of	IRF3	(Shi	et	al.,	2010).	 ISGs	Mx1,	Mx2,	OAS1X,	OAS1Y,	OAS1Z,	RSAD2,	 IFIT3	(ISG58),	 IFIT5	(ISG60),	 IFITM2	and	IFITM3	expressed/activated	by	 IRFs	(IRF-	3,	7	&	9)	 in	 the	present	study	help	 in	 inducing	a	broad-
spectrum	anti-viral	state	(Schneider	et	al.,	2014;	Siddappa	Manjunath	et	al.,	2015).	The	expression	of	IRF3,	IRF7,	IFIT3,	ISG15,	and	HERC5	was	validated	by	q-RTPCR	and	found	in	concordance	with	the	RNA	sequencing	results.
5	Conclusion
In	summary,	this	time	point	study	highlighted	activation	of	host	TLRs	and	interferon	regulatory	factors,	which	further	resulted	in	induction	of	interferon	induced	genes	in	an	interferon	independent	manner	at
early	time	points.	Anti-viral	response	induced	by	Sungri/96	involved	both	innate	and	adaptive	immune	systems	with	the	enrichment	of	complement	cascade	observed	at	120	h	p.i.
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